ILFs have been demonstrated to act as inductive sites for the generation of immune responses directed toward luminal stimuli; however, the phenotype of the immune response initiated within ILFs has largely been uninvestigated. To gain a better understanding of the immune responses initiated within ILFs, we examined phenotypic and functional aspects of the largest cellular component of the murine ILF lymphocyte population, B lymphocytes. We observed that murine ILF B lymphocytes are composed of a relatively homogenous population of follicular B-2 B lymphocytes. Consistent with their proximity to multiple stimuli, ILF B lymphocytes displayed a more activated phenotype compared with their counterparts in the spleen and Peyer's patch (PP). ILF B lymphocytes also expressed higher levels of immunomodulatory B7 and CD28 family members B7X and programmed death-1 compared with their counterparts in the spleen and PP. ILF B lymphocytes preferentially differentiate into IgA-producing plasma cells and produce more IL-4 and IL-10 and less interferon-␥ compared with their counterparts in the spleen. Immunoglobulin repertoire analysis from individual ILFs demonstrated that ILFs contain a polyclonal population of B lymphocytes. These findings indicate that murine ILFs contain a polyclonal population of follicular B-2 B lymphocytes with a phenotype similar to PP B lymphocytes and that, in unchallenged animals, ILFs promote immune responses with a homeostatic phenotype.
intestine; immunoglobulin A THE PRESENCE of organized mononuclear cell aggregates resembling Peyer's patches (PPs) or lymph nodes (LNs) in the human intestine has been well documented (13, 20, 27) . The identification of isolated lymphoid follicles (ILFs), the murine homolog of these aggregates, has greatly facilitated studies into the genesis and function of these structures. These aggregates also exist in the human and murine colon (24, 45) but are less well understood in part due to the complexity of distinguishing ILFs from PP equivalents in the colon. ILFs share some features of PPs. ILFs contain a loosely organized germinal center with peanut agglutinin (PNA) ϩ B lymphocytes, and ILFs can have a follicle-associated epithelium (FAE) containing M cells. However, in contrast to PPs, ILFs lack a discrete T lymphocyte zone (15, 29) . The mature forms of ILFs, which possess a FAE and loosely organized PNA ϩ cells, have a cellular composition similar to that of PPs containing B lymphocytes (up to 70% of the population), CD4
ϩ T cell receptor (TCR)␣␤ ϩ T lymphocytes (ϳ10% of the population), CD8
ϩ TCR␣␤ ϩ T lymphocytes (ϳ3% of the population), CD11c ϩ dendritic cells (ϳ10% of the population), and IL-7 receptor ϩ c-kit ϩ cells (ϳ15% of the population) (15, 29, 30) . The function of ILFs has only recently been investigated. The FAE of ILFs facilitates the translocation of the luminal pathogen Yersinia enterocolitica to the underlying lymphocyte aggregate, similar to the FAE of PPs (30) . ILFs were noted to support class switch of immunoglobulins to IgA (42) , and a further study (30) has demonstrated that ILFs can initiate immune responses to luminal T lymphocyte-dependent antigens, resulting in the production of antigen-specific IgA. These functions are likely restricted to the mature forms of ILFs, which contain PNA ϩ cells and a FAE, because mice possessing only immature ILFs, which lack these features, were deficient in the generation of antigen-specific IgA responses to luminal Salmonella typhimurium (30) . These studies only assessed the production of IgA, and, consequently, they lack a more detailed analysis of the phenotype of the immune response initiated within ILFs. The preferential production of other immunoglobulin isotypes, particularly IgG 2a , would be less consistent with the phenotype of a mucosal immune response and would suggest that ILFs can act as inductive sites mediating immune responses that lack a mucosal phenotype and could be damaging to the intestinal mucosa.
We observed that ILFs can have the characteristics of tertiary lymphoid structures. Tertiary lymphoid structures are inducible, organized, lymphocyte aggregates that share many features with secondary lymphoid structures. These structures generally have a similar composition and architecture to secondary lymphoid structures, including the presence of high endothelial venules and germinal centers (19, 23, 43) . However, the pathways leading to secondary and tertiary lymphoid structure formation are distinct. Like tertiary lymphoid structures in other tissues, ILFs can be formed de novo in adult animals by pathways that are distinct from those of secondary lymphoid structure formation (29) . Similar to tertiary lymphoid structures formed in other tissues, ILFs can be ectopically positioned compared with the relatively strict antimesenteric positioning of PPs (intestinal secondary lymphoid structures) (29, 39) . Notably, the formation and presence of tertiary lymphoid structures is associated with a number of autoimmune and chronic inflammatory conditions, including those affecting the intestine, and these structures have been proposed to be sites initiating or propagating the inappropriate immune responses seen in these conditions (8, 14, 18, 20, 48) . Together, these observations suggest that ILFs may play a more sinister role in promoting inappropriate immune responses such as those seen in inflammatory bowel disease.
To gain insight into the role the ILF plays in the mucosal immune system, we examined the characteristics of the largest lymphocyte population within ILFs, B lymphocytes. B lymphocytes participate in the immune response in multiple ways. B lymphocytes have a well-identified role as the precursors to antibody-producing plasma cells. B lymphocytes may also act as antigen-presenting cells, promoting T lymphocyte-dependent immune responses. Importantly, mucosal B lymphocytes have been observed to play both pathogenic roles, promoting the propagation of inappropriate inflammatory responses, as well as homeostatic roles, preventing the development of intestinal inflammation (11, 35, 38) . The previous observations regarding ILFs, and tertiary lymphoid structures in general, could be consistent with either of these possibilities.
In the present study, we examined the B lymphocyte population within ILFs and found that this population is predominantly comprised of a homogenous population of B lymphocytes with the phenotype of mature follicular B-2 B lymphocytes. These B lymphocytes preferentially differentiated into IgA-producing, as opposed to IgG or IgM-producing, plasma cells and produced a profile of immunoglobulins most similar to that found in the diffuse lamina propria. ILF B lymphocytes have a phenotype consistent with activation and express higher levels of the immunomodulatory members of the B7 and CD28 family compared with splenic B lymphocytes. ILF B lymphocytes were also found to express higher levels of IL-4 and IL-10 and low to absent levels of interferon (IFN)-␥ compared with splenic B lymphocytes. The immunoglobulin repertoire of ILF B lymphocytes was found to be diverse, consisting of many different V H genes and their VDJ rearrangements. These findings indicate that ILFs contain a polyclonal population of follicular B-2 B lymphocytes with a predisposition to initiate immune responses with a mucosal phenotype.
MATERIALS AND METHODS
Mice. The female BALB/c mice (8 -12 wk old; Jackson Laboratory, Bar Harbor, MN) used for this study were housed in a specific pathogen-free facility and fed a routine chow diet. Animal procedures and protocols were carried out in accordance with the institutional review board at the Washington University School of Medicine.
Isolation of cellular populations from the spleen, PP, and ILF. Spleens and PPs were removed from BALB/c mice and disrupted by mechanical dissociation. Intestines were removed from mice, flushed with cold PBS, opened along the mesenteric border, and mounted with the lumen facing up in cold PBS. ILFs could be identified as pale nodules with a domelike appearance scattered throughout the small intestine. For illustration purposes, a low-power photomicrograph of a BALB/c mouse intestine containing ILFs stained with lectin from Ulex europaeus (Sigma-Aldrich, St. Louis, MO), as previously described (29) , is shown in Fig. 1 . Using the dissecting microscope and a 26-gauge needle and syringe, the contents of multiple mature ILF were aspirated and placed in cold PBS. Red blood cells were lysed from cellular suspensions and then utilized for flow cytometric analysis, ELISPOT, and ELISA analysis (as described below). Flow cytometric analysis. Single cell suspensions, obtained as above, were used for flow cytometric analysis. The reagents used for analysis are listed in Table 1 . Briefly, single cell suspensions were resuspended in PBS with 1% BSA (Fisher Scientific, Pittsburgh, PA) and 1 mg/ml human IgG (Sandoz Pharmaceuticals, East Hanover, NJ) at 2 ϫ 10 7 cells/ml. Cells were incubated with directly conjugated or biotin-conjugated antibodies for 30 min on ice in the dark. Cellular suspensions with biotin-conjugated primary antibodies were washed twice in PBS containing 1% BSA and then incubated with streptavidin-Per CP (BD Biosciences) for 30 min on ice. Cells were washed twice as described above and fixed with 1% paraformaldehyde in PBS. Flow cytometry acquisition was done on a Becton Dickinson FACS Caliber (BD Bioscience) and analysis was performed on a Macintosh G3 using the CellQuest program (BD Bioscience). Dead cells were excluded based on forward and side light scatter. Gates for positive staining were defined such that 1% of the analyzed population stained positive with the appropriate isotype control antibodies (all from BD Biosciences).
ELISA for antibody production. Cellular populations from the spleen, PP, and ILF isolated as described above were cultured at a density of 10 6 cells/ml in RPMI 1640 media (BioWhittaker, Walkersville, MD) containing 10% FCS (Hyclone, Logan, UT), 2 mM glutamax (Life Technologies, Grand Island, NY), 10 mM HEPES (BioWhittaker), 1 mM sodium pyruvate (BioWhittaker), 50 U/ml penicillian-50 mg/ml streptomycin (Life Technologies), and 50 mM 2-mercaptoethanol (2-ME) (Fisher Scientific) in a 96-well plate for 7 days at 37°C and 5% CO 2. After 7 days, the culture supernatants were collected, and the concentrations of IgA, IgG, and IgM were determined as described below.
Cell culture supernatants or IgA, IgG, and IgM standards (Southern Biotechnology Associates, Birmingham, AL) diluted in PBS containing 1% BSA and 0.05% Tween 20 (Sigma-Aldrich) were incubated in 96-well Immuno 4 plates (Fisher Scientific) that had been previously coated with 10 g/ml goat anti-mouse Ig (Southern Biotechnology Associates) and blocked with PBS containing 5% BSA and 0.05% Tween 20 at room temperature for 2 h. Plates were washed three times with PBS containing 0.05% Tween 20, and goat anti-mouse IgA, IgG, and IgM alkaline phosphatase-conjugated antibodies (Southern Biotechnology Associates) diluted in PBS containing 1% BSA and 0.05% Tween 20 were added to the plate and incubated for 2 h at room temperature. Plates were washed three times with PBS containing 0.05% Tween 20, and p-nitrophenyl phosphate alkaline phosphatase substrate (Sigma-Aldrich) was added. Plates were read at 405 nm using a Bio-Tek Instruments Microplate Reader (Bio-Tek Instruments, Winooski, VT). Each sample was measured in duplicate in at least three dilutions.
ELISPOT assays for antibody production. The antibody-forming cells in the spleen, PP, ILF, and lamina propria were measured from freshly isolated cellular populations as previously described (36) . Ninety-six-well multiscreen-HA plates (Millipore, Bedford, MA) were coated with goat anti-mouse Ig (Southern Biotechnology Associate) overnight at room temperature. Plates were washed three times in PBS, blocked with PBS containing 5% newborn calf serum (Hyclone) for 1 h at 37°C, and washed, and spleen, PP, ILF, and lamina propria cell suspensions of different concentrations in IMDM (BioWhittaker) containing 5% FCS (Hyclone), 2 mM glutamax (Life Technologies), and 50 mM 2-ME (Fisher Scientific) were added to the plates. Plates were incubated at 37°C and 5% CO 2 overnight, washed with PBS containing 0.05% Tween 20, and incubated with alkaline phosphatase-conjugated goat anti-mouse IgA, IgG, IgM antibodies (Southern Biotechnology Associates) overnight at 4°C. Plates were washed with PBS and exposed to 5-bromo-4-chloro-3-indolyl phosphatase-nitroblue tetrozloium substrate (Sigma-Aldrich), and spotforming cells were counted under a dissecting microscope.
ELISPOT assays for cytokine production. Cellular populations isolated as described above were flow cytometrically sorted for sIgD hi sIgM lo B lymphocytes and stimulated with 5 ng/ml PMA (SigmaAldrich) and 1.25 M calcium ionophore A-23187 (Sigma-Aldrich) in RPMI 1640 media (BioWhittaker) containing 10% FCS (Hyclone), 2 mM glutamax (Life Technologies), 10 mM HEPES (BioWhittaker), 1 mM sodium pyruvate (BioWhittaker), 50 U/ml penicillian-50 mg/ml streptomycin (Life Technologies), and 50 mM 2-ME (Fisher Scientific) for 4 days. IL-4, IL-10, and IFN-␥ production were measured by ELISPOTS using BD ELISPOT mouse IL-4, IL-10, and IFN-␥ ELISPOT pairs (BD Bioscience). Briefly, 96-well multiscreen-HA plates (Millipore) coated with anti-mouse IL-4, anti-mouse IL-10, or anti-mouse IFN-␥ antibodies overnight at 4°C were blocked with PBS containing 10% FBS for 2 h at room temperature. Splenic, PP, and ILF cell suspensions in the above media containing PMA and calcium ionophore A-23187 were added to each well and cultured for 4 days at 37°C and 5% CO 2. The wells were washed three times with PBS containing 0.05% Tween 20, detection antibody was then added, and suspensions were incubated for 2 h at room temperature. Plates were washed three times with PBS containing 0.05% Tween 20 and incubated with streptavidin-horseradish peroxidase for 1 h at room temperature. Plates were washed four times with PBS containing 0.05% Tween 20 and twice with PBS alone and then exposed to BD ELISPOT AEC substrate solution (BD Bioscience) for 1 h. The plates were air dried overnight at room temperature, and spot-forming cells were counted under a dissecting microscope.
Immunoglobulin heavy chain repertoire analysis. Single cell populations from the spleen and PP and individual ILFs were isolated as described above, and DNA was isolated using a QIAamp DNA Micro Kit (Qiagen). The immunoglobulin heavy chain repertoire was analyzed using a PCR amplification of the rearranged genes as previously described (7). PCR was performed on 100 ng of DNA from each tissue using a sense primer specific for the V H family and an antisense primer directed to the immunoglobulin enhancer region. Amplification was performed in a GeneAmp PCR System 2700 (Applied Biosystems) and consisted of a denaturation time for 2 min at 94°C, followed by 40 cycles consisting of 30 s at 94°C, 25 s at 60°C, and 25 s at 72°C and an elongation at 72°C for 4 min. The products were run on a 5% Tris-boric acid-EDTA gel, stained with ethidium bromide, and photographed. The following primers were used for this analysis: J558 V H family (sense) 5Ј-AAGGCCACACTGACTGTA-GAC-3Ј, Q52 VH family (sense) 5Ј-AGACTGAGCATCAGCAAA-GAC-3Ј, 7183 VH family (sense) 5Ј-GCGAATTCGATTCAT-CATCTCCAGAGAC-3Ј, and immunoglobulin heavy chain enhancer (antisense) 5Ј-GCAGGCTCCACCAGAACCT-3Ј.
Statistical analysis. Data analysis using Student's t-test and oneway ANOVA followed by Tukey's multiple-comparison posttest was performed using GraphPad Prism (GraphPad Software). A value of P Ͻ 0.05 was used as the cutoff for statistical significance.
RESULTS

ILF B lymphocytes are mature follicular B-2 B lymphocytes.
B lymphocytes are the largest lymphocyte population within ILFs (15, 29, 30) , and therefore identification of the type(s) or subset(s) of B lymphocytes within ILFs yields insight into the function of ILFs. Comparing ILF B lymphocytes to PP B lymphocytes, a well-studied organized intestinal lymphoid structure, as well as splenic B lymphocytes, a component of the systemic immune system, also provides insight into the role of the ILF in mucosal immune responses. ILF, PP, and splenic cellular populations were examined with three-color flow cytometry. ILFs and PPs harbored a single population of B lymphocytes, which were sIgD hi sIgM lo , consistent with a follicular B lymphocyte phenotype (Fig. 1B) . In comparison, the spleen contained both sIgD hi sIgM lo B lymphocytes and (Fig. 1B) .
CD5 is a member of the scavenger receptor cysteine-rich protein superfamily. CD5 is expressed by a subset of peripheral B lymphocytes that represents a distinct B lymphocyte lineage, B-1a B lymphocytes (2, 22, 47) . Consistent with previous observations, ILFs and PPs contained very few CD5
ϩ IgM ϩ cells, indicating that ILFs and PPs do not contain B-1a B lymphocytes (Fig. 1C) . The spleen contained a few CD5
ϩ IgM ϩ cells, consistent with the presence of a small B-1a B lymphocyte population (Fig. 1C) . CD23, the low-affinity IgE Fc receptor (Fc⑀RII), is expressed on mature resting B-2 B lymphocytes but not on B-1 B lymphocytes (5, 46) . Consistent with the lack of CD5 expression and our previous observations of the lack of CD11b expression (29) , IgM ϩ cells from ILFs and PPs were CD23 ϩ (Fig. 1D) . The regulation of CD23 expression in B-2 B lymphocytes is complex, and decreased expression of CD23 can be a marker of activation (41) . About one-half of the IgM ϩ cells from the spleen were CD23 ϩ , which is most consistent with both the presence of a small B-1 B lymphocyte population as well as decreased regulated expression of CD23 by splenic B-2 B lymphocytes (Fig. 1D) Fig. 1B. CD44, CD69, and CD62L expression are regulated after lymphocyte activation, with CD44 and CD69 expression increasing after activation and CD62L expression decreasing after activation (3, 4, 25, 32, 37, 44, 50) . While changes in the cell surface expression of these molecules are most accepted as markers for T lymphocyte activation, parallel changes are seen in B lymphocytes. We observed that ILF B lymphocytes expressed high levels of CD69, which were greater than those seen in PP and splenic B lymphocytes (Fig. 2) . ILF B lymphocytes expressed lower levels of CD44 and intermediate levels of CD62L compared with PP and splenic B lymphocytes (Fig. 2) .
The ability to function in antigen presentation is directly related to the expression of MHC II and costimulatory mole- cules. We observed that ILF B lymphocytes expressed high levels of CD80 and lower levels of MHC II compared with PP and splenic B lymphocytes. The expression of CD86 was comparable between the three populations examined (Fig. 2) . Among the other B7 and CD28 family members examined, ILF B lymphocytes expressed higher levels of the immunomodulatory receptors B7X and PD-1 compared with splenic and PP B lymphocytes; the expression of B7H1 was comparable between the three groups (Fig. 2) .
ILF B lymphocytes preferentially differentiate into IgAproducing plasma cells. B lymphocytes play a unique role in immune responses as the precursors to antibody-producing cells. Different isotypes of antibodies play varying roles within the immune response distinguished by functional differences including the ability to fix complement and the ability to be transported across epithelial barriers. Moreover, the isotypes of antibodies produced in an immune response parallels the phenotype of the immune responses. T helper 1 type (Th1) cytokines preferentially induce a class switch to IgG 3 and IgG 2a isotypes, whereas T helper 2 type (Th2) cytokines preferentially induce a class switch to IgG 1 , IgG 2b , IgE, and IgA.
To gain insight into the function of ILFs, we examined immunoglobulin production by ILF cellular populations. As shown in Fig. 3A , ILF B lymphocytes preferentially produced IgA as opposed to other immunoglobulin isotypes; this profile was similar to that produced by PPs and intestinal lamina propria cells and dissimilar to that produced by the spleen or that seen in the serum. ELISPOT analysis confirmed that ILF B lymphocytes preferentially differentiated into IgA-producing plasma cells; this profile was most similar to that seen in the PP and lamina propria and least similar to that seen in the spleen (Fig. 3B) . Notably, the ILF cell population contained a higher number of IgA-producing cells on a per cell basis compared with the spleen. We did observe a significant number of IgM-producing plasma cells within ILFs by ELISPOT assay; however, only a modest amount of IgM was secreted into the culture supernatant, as detected by ELISA. Consistent with this, the IgM ϩ spots were smaller than the IgA ϩ spots in the ILF ELISPOT assays. Together, these findings indicate that ILFs preferentially generate IgA-producing plasma cells, and, given that the class switch to IgA is favored by non-Th1 cytokines IL-5 and transforming growth factor (TGF)-␤, this suggests that ILFs promote non-Th1 immune responses.
ILF B lymphocytes produce higher levels of IL-4 and IL-10 and lower levels of IFN-␥.
It is well known that B lymphocytes produce cytokines in response to diverse stimuli (31, 40) . Cytokine-producing B lymphocytes have been found to play a critical role in several autoimmune disease models, including inflammatory bowel disease, experimental autoimmune encephalomyelitis, and collagen-induced arthritis (11, 35, 40) . B lymphocytes can be identified as Be-1 and Be-2 cells, which can regulate the differentiation of naïve CD4 T cells to Th1 and Th2 cells through the production of polarizing cytokines such as IFN-␥ and IL-4, respectively (16) . In addition, B lymphocytes can act as regulatory cells in immunologically mediated inflammatory reactions by producing cytokines such as IL-10 (11, 35).
To investigate the cytokine profile of the ILF B cells, IL-4, IL-10, and IFN-␥ secretion were measured by ELISPOTS after the stimulation of sIgD hi sIgM lo B lymphocytes. Compared with splenic B lymphocytes, ILF B lymphocytes produced more IL-4 and IL-10 and less IFN-␥. The cytokine production profile of ILF B lymphocytes was similar to PP B lymphocytes but with a higher IL-4 and IL-10 production (Fig. 4) . Consistent with the observation that ILFs preferentially promote the production of IgA-producing plasma cells, this observation also indicates that the cytokine environment in ILFs promotes non-Th1 immune responses. Fig. 3 . ILF B lymphocytes preferentially differentiate into IgA-producing plasma cells. The level of secreted Ig was quantified by ELISA (A), and the number of antibody-forming cells was quantified by ELISPOTs (B) as described in MATERIALS AND METHODS. ILF cellular populations preferentially produced IgA as opposed to other immunoglobulin isotypes; this profile was similar to that produced by PPs and intestinal lamina propia (LP) cells and dissimilar to that produced by the sP or that seen in the serum (A). ELISPOT analysis confirmed that ILF B lymphocytes preferentially differentiate into IgA-and IgM-producing plasma cells; this profile was most similar to that seen in the PP and LP and least similar to that seen in the SP (B). ILF cell populations contained higher number of IgA-producing cells on a per cell basis compared with the SP using a standard Student's t-test (P Ͻ 0.05); no differences were noted when the IgA-producing cell populations from the PP and ILF were compared. Pooled cellular populations from 3 or 4 mice were used to measure immunoglobulin production by ELISA or ELISPOT assay. Data are represented as means Ϯ SE from 3 independent experiments.
ILFs contain a population of polyclonal B lymphocytes. The development and function of ILFs are not completely understood. Previous observations are consistent with ILF development and function paralleling that of secondary lymphoid structures, and, accordingly, the population of B lymphocytes inhabiting ILFs would be representative of the entire immunoglobulin repertoire of B-2 B lymphocytes within an individual animal. Alternatively, ILFs may arise from a small number of B-2 B lymphocytes that have expanded in response to luminal stimuli and luminal antigens. In this scenario, the population of ILF B lymphocytes would be representative of a smaller subset of the potential pool of B lymphocytes, and the ILF immunoglobulin repertoire would be restricted with overrepresentation of some rearrangements compared with the entire immunoglobulin repertoire within an individual animal. This second possibility is supported by a studies showing that in aged activation-induced cytidine deaminase (AID)-deficient (9) mice, the predominant immunoglobulin V H gene used within individual ILFs varied, suggesting that different B lymphocytes expanded within individual ILFs (10) . To differentiate between these possibilities, we analyzed the immunoglobulin heavy chain repertoire on DNA isolated from individual ILFs using a standard PCR-based approach (7) . We observed that the immunoglobulin heavy chain repertoire of ILFs was diverse and comparable with that seen in the PP and spleen (Fig.  5A) . We also observed that the spleen, PP, and all the individual ILFs examined displayed preferential usage of the largest V H family, J558 (Fig. 5B) . These findings indicate that ILFs have a diverse immunoglobulin repertoire and are representative of the repertoire seen in other systemic and mucosal sites. Immunoglobulin heavychain usage in the SP and PP and individual ILFs was analyzed using a PCR-based approach as described in MATERIALS AND METHODS. PCR was performed with primers specific for each of the three VH families and analyzed by combining the products for each family from an individual ILF, PP, or SP (A). Examination of the usage of three VH families revealed that the SP, PP, and individual ILF displayed a diverse immunoglobulin repertoire with multiple bands corresponding to unique rearrangements (A). When we examined the usage of individual VH families by the individual ILFs, SP, and PP, we observed that each tissue preferentially used J558 VH family members (B). J558 is the largest VH family in the mouse and is used by ϳ50% of immunoglobulin gene rearrangements. Preferential usage of this family by all of the individual ILFs examined is most consistent with ILFs containing a population of B lymphocytes reflective of the systemic pool as opposed to ILFs arising from a small number of B lymphocytes that have expanded in situ. The above results are representative of findings from the examination of 20 individual ILFs from multiple mice.
DISCUSSION
ILFs are recently appreciated members of the mucosal immune system (15) . Previous studies (15, 29) have demonstrated that similar to PPs, ILFs contain PNA ϩ germinal centers and an overlying FAE, which contains M cells. Likewise, the cellular composition of ILFs resembles that of PPs, containing B lymphocytes, TCR␣␤ ϩ T lymphocytes, and dendritic cells (30) . ILFs can also contain a significant proportion, up to 10% of the cellular population, of lineage marker negative (lin Ϫ ) c-kit ϩ cells (15) . However, unlike PPs, ILFs have been observed to form de novo in adult animals in response to luminal stimuli (29) . Although the function of ILFs is still an area of active investigation, the inducible nature, cellular composition, and architecture of ILFs suggest that ILFs may act as reservoirs of inductive sites for mucosal immune responses. This suggestion is supported by studies documenting that ILFs can support IgA class switching (42) and that ILFs can act as inductive sites for mucosal immune responses to T cell-dependent antigens (30) . These studies only investigated the ability of ILFs to propagate homeostatic immune responses such as the production of IgA. The predisposition of ILFs to initiate or propagate more inflammatory type responses is unknown but supported by parallel observations that document the presence of ectopic lymphoid structures in the target organs affected by autoimmune and chronic inflammatory conditions as well as the production autoantibodies within these structures.
B lymphocytes are the largest members of the ILF cellular population, comprising up to 70% of the lymphocyte population. B lymphocytes have a unique function in immune responses as the precursors to antibody-producing plasma cells. B lymphocytes can also contribute to other aspects of the immune response by acting as antigen-presenting cells and through the production of cytokines. More recent studies have suggested that mucosal B lymphocytes possess unique properties allowing them to mediate homeostatic or immunomodulatory responses. Given this background, we examined the phenotype of ILF B lymphocytes to gain insight into the role that the ILF plays in mucosal immune responses.
In this study, we examined the phenotypic and functional aspects of ILF B lymphocytes and compared these findings with those obtained from PP and splenic B lymphocytes. We observed that all ILF B lymphocytes were CD5 Ϫ , CD23
ϩ , and IgD hi IgM lo . These findings are consistent with previous observations demonstrating that ILFs do not contain B-1 B lymphocytes and extend these observations to demonstrate that ILFs are composed of predominantly one population of B-2 B lymphocytes, which have the surface phenotype of mature follicular B lymphocytes. This B lymphocyte population is very similar to that seen in the PP. In comparison, the splenic population contains IgM hi IgD lo populations, consistent with the presence of transitional B lymphocytes that have recently emigrated from the bone marrow (6, 28) . This observation has several implications. First, ILF B lymphocytes are mature follicular B-2 B lymphocytes, and, as such, they will likely function in a manner similar to follicular B lymphocytes at other sites with respect to requirements for T cell help, activation, and homing. Second, unlike the spleen, ILFs do not contain transitional B lymphocytes, suggesting that ILFs are not sites where recently emigrating B lymphocytes mature. Finally, given that essentially all ILF B lymphocytes fall into a homogenous population, it is unlikely that ILFs are sites where mucosal B lymphocytes are generated from lin Ϫ c-kit ϩ cells, which have been suggested to be putative lymphoid hematopoietic progenitors (21) .
To better understand the state of activation of ILF B lymphocytes, and to gain a better understanding of the potential function of ILFs, we chose to compare the expression cell surface markers associated with activation between splenic, PP, and ILF B lymphocytes. Because ILF B lymphocytes are predominantly, if not exclusively, IgD hi IgM lo , we chose to gate on these cells to have a more accurate comparison between the populations. We observed that ILF B lymphocytes had higher level of expression of CD69 and a low to intermediate level of expression of CD62L compared with the spleen and PP. The level of expression of CD44 in ILF B lymphocytes was less than that seen in splenic B lymphocytes and equivalent to that seen in PP B lymphocytes. Although these cell surface molecules can be modulated by stimuli independent of B cell receptor ligation and are more accepted as markers of T lymphocyte activation, their expression is nonetheless modulated in parallel manners upon B lymphocyte activation. Together, these findings suggest that ILF B lymphocytes are more activated compared with splenic and PP B lymphocytes. This observation is consistent with the physical location of ILFs at a site in close proximity to bacterial antigens and stimuli, which could account for the increased activated state of B lymphocytes. The augmented state of activation may appear to be in contrast to our previous observations showing that ILF formation does not require antigenic stimulation of B lymphocytes and that ILFs can contain antigen naïve B lymphocytes (33) . Together, these observations are most consistent with naïve B lymphocytes preferentially entering ILFs and quickly becoming activated due to the close proximity of ILFs to multiple stimuli.
To gain a better understanding of the potential of ILF B lymphocytes to function as antigen-presenting cells, we compared the expression of MHC II and B7 family members by splenic, PP, and ILF B lymphocytes. We observed that ILF B lymphocytes expressed high levels of CD80, intermediate to high levels of CD86, and lower levels of MHC II compared with splenic and PP B lymphocytes. Some of the recently identified members of the B7 and CD28 families are expressed by B lymphocytes and function to modulate or dampen immune responses. Programmed death (PD)-1 is a CD28 family member that is upregulated after lymphocyte activation and pairs with B7H1 to modulate/dampen lymphocyte responses (1). B7X (B7H4) binds to a yet-unidentified ligand on activated T lymphocytes and acts as a negative regulator of T lymphocyte responses (49) . ILF B lymphocytes expressed high levels of B7X and PD-1 and equivalent levels of B7H1 compared with splenic and PP B lymphocytes. Together, these finding imply that ILF B lymphocytes have an equivalent capacity to function as antigen-presenting cells and are more likely to act as modulators of T lymphocyte responses compared with their counterparts in the PP and spleen. Whether this difference indicates that ILF B lymphocytes are functionally distinct from splenic B lymphocytes or whether this is a result of increased activation of B lymphocytes within ILFs is not known.
B lymphocytes have a unique function in immune responses as the precursors to antibody-producing plasma cells. Mucosal B lymphocytes are further distinguished from their counter-parts in the systemic immune system by their preference to become IgA-producing plasma cells as opposed to IgG-producing plasma cells. In B-2 B lymphocytes, such as ILF B lymphocytes, this process is under the direct control of CD4 ϩ T lymphocytes and the local cytokine milieu that they produce. The class switch to specific immunoglobulin isotypes is driven by different profiles of cytokines, with the switch to IgA being driven by the relative abundance of IL-5 and TGF-␤ and the switch to IgG 2a being driven by the local abundance of Th1 cytokines. Therefore, examining the isotype of immunoglobulins produced by ILF B lymphocytes not only yields insight into the potential function of ILF B lymphocytes but also into the phenotype of the T lymphocyte responses occurring within ILFs. Previous observations, including our own, have indicated that ILFs can be the sites for the IgA class switch and production (30, 42) ; however, these studies did not assess the profile of other immunoglobulin isotypes produced by ILFs, and, therefore, the overall phenotype of the immune response resulting in immunoglobulin production could not be assessed. In this study, we found that, similar to PPs, ILFs preferentially support the production of IgA. Moreover, we observed that, on a per cell basis, ILFs were a larger source for IgA production, and, in contrast to PPs, we were unable to detect IgG production by ILFs. This profile was most similar to that produced by lamina propria cellular populations and least similar to that produced by splenocytes and the profile of serum immunoglobulins. We interpret these findings to indicate that ILFs have a cytokine milieu that supports IgA production as opposed to other immunoglobulin isotypes. These findings are supportive of ILFs as contributing to the pool of mucosal immunoglobulin production as opposed to the pool of systemic immunoglobulin production.
The ability of B lymphocytes to produce cytokines in response to a variety of stimuli has been long appreciated (31, 40) . A recent study (16) has indicated that B lymphocytes can be divided into subsets based on the production of IL-4 and IFN-␥ and that these B lymphocyte derived cytokines act to polarize T lymphocyte responses in vivo. Further studies (11, 35) have indicated that IL-10 production by B lymphocytes can act to regulate autoimmunity and chronic intestinal inflammation. We therefore examined the ability of ILF B lymphocytes to produce IL-4, IL-10, and IFN-␥. We observed that ILF B lymphocytes produced more IL-4 and IL-10 and less IFN-␥ compared with their splenic counterparts. BALB/c mice, compared with some other strains, have been noted to preferentially develop immune responses with a Th2 phenotype (17, 26, 34) . Therefore, it is possible that in other mouse strains, ILF B lymphocytes may produce a different profile of cytokines. Despite this caveat, it is important to note that compared with the responses seen in other tissues within the same animal, ILF B lymphocytes displayed a more immunomodulatory phenotype. These findings are most consistent with ILFs mediating "homeostatic" or noninflammatory responses. Mesenteric LN B lymphocytes from SAMP1/YitFc mice, which develop spontaneous intestinal inflammation, were found to inhibit the development of regulatory T lymphocytes, and this function was attributed to increased expression of glucocorticoid-induced tumor necrosis factor-related receptor ligand (GITRL) on these mesenteric LN B lymphocytes (38) . Related to this observation and our above findings, we were unable to detect GITRL on ILF B lymphocytes (data not shown).
To gain a better understanding of the origin and complexity of the B lymphocyte population within ILFs, we examined the immunoglobulin repertoire of individual ILFs using a DNAbased, PCR-based approach. We observed that the immunoglobulin repertoire of individual ILFs has a complexity that is comparable to that of the PP and spleen. Moreover, we observed that the spleen and PP and all the individual ILFs we examined preferentially used members of the J558 V H family. The J558 family is the largest V H family and represents ϳ50% of all the immunoglobulin variable regions expressed in the adult mouse (12) . Therefore, the predominant usage of this V H family in all the individual ILFs examined is consistent with the ILF immunoglobulin repertoire, and hence ILF B lymphocytes, arising from the systemic pool, and is less consistent with ILFs developing from the expansion of one or a few B lymphocytes. Our findings would appear to be in contrast to a study by Fargarasan et al. (10) , which examined individual ILFs from aged AID Ϫ/Ϫ mice using an RNA-based PCR approach. Although both our findings demonstrated that ILFs have a diverse immunoglobulin repertoire, the study of Fagarasan et al. (10) demonstrated the preferential expression of different V H family members within individual ILFs. In addition to differences in the age and genotype of the mice used in the different studies, the differences in approaches could also contribute to the differences in the findings. The study by Fagarasan et al. (10) examined RNA isolated from ILF B lymphocytes. Although this approach provides an accurate evaluation of V H gene expression, if utilized to estimate the immunoglobulin repertoire this approach may "overrepresent" highly expressed V H members and consequently "underrepresent" overall diversity; this may be particularly relevant in a population that may contain plasma cells. Here, we used a DNA-based approach. This approach cannot evaluate V H expression but is not subject to the influences of high immunoglobulin expression by a minority of B lymphocytes or plasma cells and, therefore, should give a more accurate evaluation of the diversity of the immunoglobulin repertoire.
Tertiary lymphoid structures have been observed in a number of chronic inflammatory and autoimmune conditions including rheumatoid arthritis, Sjőgren's syndrome, primary sclerosing cholangitis, chronic hepatitis C infection, myasthenia gravis, multiple sclerosis, Hashimoto's thyroiditis, and in a number of inflammatory conditions involving the gastrointestinal tract, including inflammatory bowel disease and gastritis and animal models of intestinal inflammation (14, 18) . Although the roles that ILFs and other tertiary lymphoid structures play in the immune response is unclear, it has been suggested that tertiary lymphoid structures may contribute to inappropriate immune responses by facilitating interactions of antigens, antigen-presenting cells, and lymphocytes in an environment that lacks the "normal" regulatory environment of secondary lymphoid structures (18) . The findings presented here extend our understanding of ILFs and potentially of tertiary lymphoid structures in general.
Tertiary lymphoid structures in other tissues have been suggested to form at the sites of local inflammatory responses, and, in general, these responses are felt to be aberrant or pathogenic, whereas ILFs are noted to form in the intestines of "normal" animals. This apparent discrepancy can be resolved by the understanding that in the normal animal, the intestinal immune system is continually exposed to bacteria and bacterial products and hence continually experiencing low levels of inflammation. The apparently simple observations presented here have profound implications for the function of ILFs. These findings suggest that in response to normal levels of inflammation, the intestine can induce the formation of immune inductive sites that can act to mediate homeostatic responses and abort potentially injurious responses. Whether these findings can be extended to ILFs in "challenged" animals or to tertiary lymphoid structures formed in other tissues and other conditions remains to be investigated.
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